Hemangioma is the most common angiomatous lesion of the bone. Hemangiomas usually are discovered incidentally with patients who are asymptomatic [1] and are seen in 11% of a large postmortem series [2] . Hemangiomas usually are seen in the fourth and fifth decades of life, with men twice as likely to be affected [1] . A diagnosis is often straightforward with typical plain radiographic, computed tomographic (CT), and magnetic resonance imaging (MRI) findings. However, the diagnosis may occasionally be challenging, with hemangiomas displaying a variety of atypical appearances and may be mistaken for an aggressive lesion, which may require further imaging, biopsy, or surgical excision. Knowledge of the more common unusual appearances of hemangiomas can help improve diagnostic confidence and potentially avoid percutaneous biopsies and patient and clinician anxiety. We also discuss the role of interventional radiology in performing a biopsy of atypical lesions as well as treating lesions with selective embolization and vertebroplasty.
Histopathologic Appearance of Bone Hemangioma
Hemangioma is a benign vascular neoplasm that closely resembles normal vessels [3] of dysembryogenic origin or that represents a hamartomatous lesion [4] . Hemangiomas are classified pathologically by the predominant type of vascular channel (capillary, cavernous, arteriovenous, venous, or mixed) [1, 4] . It usually displays well-differentiated blood vessels of different sizes [5] . Cavernous hemangiomas are characterized by large, closely clustered dilated blood vessels, not separated by normal bone tissue. Capillary hemangioma, however, displays thin-walled capillaries of different sizes, separated by normal bone tissue or stroma [4] . Cavernous hemangiomas are most common, with capillary hemangiomas being the rarest form [5] . Nonvascular components also can be seen, including fat, smooth muscle, fibrous tissue, bone, hemosiderin, and thrombus. Fat overgrowth is a reactive phenomenon as opposed to a true neoplastic component [1] .
Typical Locations of Bone Hemangioma
Bone hemangiomas are often seen in the spine (30%e50%) and calvaria (20%). [1, 6] . The majority of lesions seen in the spine involve the vertebral body [3] . Vertebral hemangiomas are most commonly found in the thoracic spine with multiple hemangiomas seen in up to 30% of cases [2,7e9] . Other less common sites include the tibia, femur, and humerus. [1] .
Typical Imaging Appearance of Vertebral Hemangioma

Plain Radiographs
On plain radiographs (Figure 1 ), these lesions typically appear as lucent medullary lesions [10] that display a course, vertical trabecular pattern with bony reinforcement (trabecular thickening) adjacent to vascular channels that caused bony resorption [11] of horizontal trabeculae [6] . This bony stress response has been likened to the appearance of corduroy [1] . A course ''honeycomb'' appearance also can be seen and is more common in the cavernous subtype of hemangiomas [4] .
CT
On CT imaging, the thickened trabeculae of a typical vertebral hemangioma ( Figure 2 ) appears as small punctate areas of sclerosis, likened to the polka-dot appearance on CT [1] . Vertebral hemangiomas usually are small [3] and involve only a portion of the vertebral body, although the entire vertebral body can be involved [1] .
MRI
On MRI, vertebral hemangiomas ( Figure 3 , A and B) are typically hyperintense on T1-and T2-weighted series due to the presence of adipose tissue [3] and vascular components, respectively [12] . The areas of trabecular thickening in a typical spinal hemangioma appear as hypointense foci [1] on both T1 and T2. The coarse vertical trabeculae resemble a corduroy or honeycomb appearance on plain radiographs [13] . The typical appearances of vertebral hemangiomas on cross-sectional imaging usually characterize the cavernous histologic subtype detailed above [10] . These wellcircumscribed lesions may be hyperintense or hypointense on short tau inversion recovery, depending on the proportion of fatty and vascular elements. No restricted diffusion is seen in typical hemangioma [14] . In addition, hemangiomas typically demonstrate a mean (SD) decrease in signal intensity (49.4% AE 20.0%) on the out-of-phase compared with the in-phase imaging [15] (Figure 3 , C and D). After contrast administration, CT or MRI will demonstrate enhancement [1] , given the vascular component of these lesions [13] .
Nuclear Medicine
Bone hemangioma shows a variable appearance on bone and red-cell-labelled scintigraphy, which range from photopenic ( Figure 4 , A and D) to moderately increased activity [16, 17] . Its photopenic appearance can cause a diagnostic dilemma for patients with skeletal lytic metastatic disease. Hemangiomas in bone also can show increased technetium 99m red blood cell studies [18] . With fluorodeoxyglucose positron emission tomographyeCT examinations, hemangioma ( Figure 5 ) is one of the causes of a ''cold'' vertebrae [19] . Bone hemangioma can mimic metastatic disease in whole body iodine 131 studies performed with patients with welldifferentiated thyroid carcinoma. This is attributed to intravascular blood pooling and transcapillary escape of iodine with interstitial retention [20] . The multimodality imaging correlation with CT and MRI as described above can help guide the diagnosis when indeterminate lesions are seen on nuclear medicine studies. In addition, the presence of a stable lesion on pre-existing imaging over time is suggestive of a benign lesion.
Imaging Appearance of Calvarial Hemangioma: Typical and Atypical
Calvarial hemangiomas ( Figure 6 ) are most common in the frontal or parietal region [9] . They arise and cause expansion of the diploic space, which more often affects the outer table [1] . Its radiographic appearances have been described as a lytic lesion with trabecular thickening that appears as a web-like, spoke-wheelelike, or radiating-like pattern [2, 8, 9] . The signal characteristics on MRI are variable. The lesion usually appears mottled and heterogeneous, with both increased and decreased signal intensities on both T1-and T2-weighted images. The signal depends on the quantity of slow-moving venous blood and on the ratio of red marrow to converted fatty marrow present within the lesion. On T1-weighted imaging, smaller lesions tend to be hyperintense, whereas larger lesions typically appear hypointense within the trabeculae. Lesions with more fatty marrow are also more hyperintense on T1 [21] .
Atypical And/or Aggressive Imaging Appearance of Vertebral Hemangioma, Including Differential Diagnosis
CT and MRI
Bone hemangiomas can show atypical appearances and be mistaken for aggressive lesions or osteoporotic compression fractures [14] . An atypical hemangioma that contains little or a microscopic amount of fat [22] may have an overlapping appearance with vertebral metastasis when it appears T1 isointense-hypointense, although it generally retains typical characteristics of being hyperintense on T2 and fat-suppressed postcontrast acquisitions. Metastasis similarly appears T1 hypointense, T2 hyperintense, and enhanced on T1-fat suppressed postcontrast images [10, 14] . These fat-poor hemangiomas may be characterized by using chemical-shift imaging because they lose signal intensity on out-of-phase images due to the presence of microscopic fat [22] . Another differential for atypical hemangioma is bone lymphoma, which appears T1 hypointense relative to skeletal muscle with variable T2 intensity, hypointense at times due to its highly cellular nature. CT usually reveals a permeative pattern through the cortex into surrounding soft tissues in lymphoma compared with cortical destruction seen in lytic metastasis [22] .
Atypical hemangiomas also may be expansile and show mass effect. The vertebral body and arch may be expanded, with a paravertebral component that causes spinal cord compression (Figures 7 and 8 ) [4] . Atypical hemangiomas are often found to histologically represent the capillary subtype. The most valuable findings on imaging for predicting the capillary subtype are large soft tissue appearances and resorption of bone on CTs [23] . The paravertebral soft tissue is characteristically isointense on T1-and hyperintense on T2-weighted imaging. Highly vascular hemangiomas can show multiple flow void areas [4] . The extraosseous components tend not to be T1 hyperintense due to the absence or paucity of adipose tissue, but avid enhancement occurs due to vascularity of the lesions [6] .
Newer MRI techniques, for example, diffusion weighted imaging combined with apparent diffusion coefficient maps, may help to differentiate benign spinal lesions from metastasis [24, 25] . Restricted diffusion and low apparent diffusion coefficient values were seen in metastasis compared with atypical hemangioma. The presence of multiple spinal lesions suggests metastatic disease, although a diagnostic dilemma may occur in single lesion cases. In addition, metastases usually are rounded or well-marginated lesions that are not related or parallel to the end plates [14] in comparison with osteoporotic compression fractures. It is important to note that the role of diffusion weighted imaging has not been completely elucidated [26] , although an apparent diffusion coefficient threshold of 0.96 Â 10 À3 mm 2 /s is suggested for differentiating malignant from benign lesions [14] . CT correlation may help reach the diagnosis of an atypical hemangioma if seen initially on MRI (Figure 7 ) because internal trabeculae in MRI may be subtle [13] . Atypical hemangiomas, which contain only small or microscopic quantities of fat, may also be characterized by using quantitative chemical shift MRI because they will lose signal intensity on out-of-phase images, which helps to distinguish them from malignant neoplastic lesions. As a group, neoplastic malignant spinal lesions showed a significantly lower percentage of signal intensity loss compared with benign causes, including hemangioma. Lytic malignant lesions lost less signal intensity than blastic lesions. However, further research is needed to determine the characteristics of malignant lesions that may demonstrate signal intensity loss that mimics benign processes [15] .
Atypical hemangiomas usually are found on histologic examination to represent ''mixed hemangiomas'' [4] . It is postulated that reactive osteoid formations could be responsible for the nontypical radiologic findings [10] . Other atypical subtypes, such as epithelioid hemangioma or epithelioid hemangioendothelioma, may demonstrate a heterogeneous pattern with mixed signal intensity on T1 and T2, which reflects the absence of fat and the presence of inflammatory infiltrate [3] .
The smaller degree of fat content between the thickened trabeculae, the more likely these lesions will be symptomatic [27] . Atypical hemangiomas, which are hypointense on T1, indicate decreased marrow fat or a greater vascular component. This may be correlated with more aggressive behavior and also is characteristic in cases that involve vertebral collapse [6] . However, vertebral fractures are rare at sites of hemangiomas due to trabecular reinforcement [1] . Another differential that may give a similar appearance to atypical hemangiomas on MRI is a benign notochordal cell tumour. These lesions can be seen in up to 20% of adult cadavers, although are often small and asymptomatic. The distinguishing feature here is that these lesions tend to be sclerotic on CT. Larger benign notochordal cell tumour may rarely have potential of malignant transformation to chordoma, and current recommendations are that these should be managed as benign lesions with careful followup on cross-sectional imaging [28] . 
Symptomatic Vertebral Hemangioma
Although the vast majority of patients with vertebral hemangioma stay asymptomatic [10] , they may rarely cause pathologic fractures or neural impingements that cause pain or neuropathy. In 1% of cases, vertebral hemangiomas can become symptomatic from neural arch expansion, vertebral body enlargement, direct or soft tissue compression of the thecal sac or nerve roots [29, 30] or even epidural hemorrhage [31] . In symptomatic patients, 54% are characterized by pain only, but 45% were associated with variable neurologic symptoms [32] , with some presenting as spinal cord compression [1] . Pregnancy is postulated to be a risk factor for development of symptomatic hemangiomas [4] . Development of neurologic signs in young patients could be rapidly progressive and require treatments that range from open surgical [4] to vertebroplasty and transarterial embolization [33] , although some patients may also enter spontaneous remission [4] . The typical polka-dot appearance may be absent in symptomatic patients. Bulging of the posterior cortex, vertebral body expansion, and bone destruction also can be seen with aggressive hemangiomas on CT [6] . Highly vascular hemangiomas (usually cavernous subtype) also can cause neurologic deficit by affecting the spinal cord blood supply without direct cord compression [4] .
Unusual Location of Atypical Bone Hemangioma
Bone hemangiomas may occur in a variety of unusual locations in the body (Figures 9 and 10 ) which mimic other more worrisome lesions. Nonespinal bone hemangiomas may appear as a radiating trabecular pattern on radiographs. Other common patterns include bubbly bone lysis ( Figure 11,  A and B) , which creates a lattice-like, honeycomb, or holewithin-a-hole appearance. These lytic areas are invariably multifocal and usually metaphyseal or epiphyseal. Bone lysis can have circular or linear components, which suggest the presence of vascular channels seen en face or longitudinally. On MRI, these channels appear hypointense on T1 and markedly hyperintense on T2 due to slow blood flow. Lesions with faster blood flow, such as arteriovenous lesions, may appear hypointense on both T1-and T2-weighted images [1] . Periosteal or cortical hemangiomas occur most frequently in the anterior tibial diaphysis. These cortical lesions are lytic ( Figure 10 ) and may show characteristic multifocal vascular channels or appear as a larger, nonspecific region of bone destruction. Cortical hemangiomas may predispose to pathologic fractures, and periosteal reaction may accompany these lesions [1] .
Role of Interventional Radiology in the Management of Atypical and/or Symptomatic Hemangioma
Interventional radiologists may be called on to perform a percutaneous biopsy of atypical or aggressive-appearing bone hemangioma (Figures 7, 8, 11 , and 12) for purposes of histologic confirmation and can be performed under fluoroscopic or CT guidance with conscious intravenous sedation. Interventional radiologists also have a role in symptomatic hemangioma by performing transarterial embolization ( Figure 12 ) [34] , which reduces bleeding and thus enables surgical resection or biopsy. Spinal angiography ( Figure 12C ) performed initially will demonstrate the vascular blush of the lesion, which represents the osseous and also the soft tissue tumour component if present [4] . After vital exclusion of the artery of Adamkiewicz, which arises from the intercoastal artery that supplies the vertebral hemangioma, embolization can be safely performed with the use of particles. Coil embolization of the intercoastal artery ( Figure 12D ) more distally helps prevent reflux of particles during tumour devascularization and reduces postembolization intercoastal pain.
Percutaneous vertebroplasty (Figure 13 ) can ensure the mechanical stability of the vertebrae and is so effective that it may be used alone when hemangioma has caused radicular or spinal pain [34] . Pain relief may be related to stabilization of microfractures or compression fractures, and from inducing chemical lysis of nerve endings within the vertebral body [35, 36] . Percutaneous injection of ethanol under fluoroscopic guidance also has be shown to be efficacious in pain management [37] .
In conclusion, we present an update of the spectrum of plain radiographic, CT, MRI, and nuclear medicine appearances of typical commonly encountered lesion by the general radiologist. Hemangiomas that are atypical in appearance as well as the location can pose a diagnostic challenge, with a multimodality approach, interval stability, or even percutaneous biopsy required to achieve the diagnosis. We also highlight the increasing role of the interventional radiologist in the diagnosis and management of atypical and symptomatic hemangioma. Figure 13 . A 39-year-old man presented with a mid back pain and his symptoms were found to be caused by a symptomatic hemangioma at the L2 vertebral body. He subsequently underwent cement vertebroplasty by using a bipedicular approach, with marked improvement of clinical symptoms.
